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SUMMARY

Urban green spaces are considered as an effective environmental solution to mitigate the UHI
effect, so maintaining green spaces in cities is crucial. The aim of the study is to identify the
types of vegetation in Kyiv territories that have the best ability to reduce the warming of the
land surface under UHI effects. The analysis of the MODIS Land Surface Temperature data
collection allowed us to establish a general trend in the temporal distribution of LST, which
indicates a stable annual increase in LST. The WorldCover datasets allow to determine the type
of land cover and obtain information on the type of vegetation of the territories. Thermal
infrared RS was used to study and assess the LST. To quantify vegetation density, the NDVI
index was calculated based on spectral correlations. The quantitative assessment is based on
Landsat 8-9 data. The study indicates that the best UHI effects are observed in mixed forest
vegetation and herb vegetation with sufficient moisture conditions. The effectiveness of cooling
the land surface is influenced by the nature of the vegetation cover and the vital state of plants,
in particular, sparse and dry vegetation of various types is not effective in reducing abnormal
temperature effects.
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Introduction

According to the Annual Global Climate Report, 2024 was the warmest year by 1.29°C above the 20th
century average of 13.9°C (since 1850), which is 0.10°C higher than in 2023 (Annual Global Climate
Report, 2024). The consequences of warming are most strongly felt in cities due to the disruption of
urban aeration, an increase in the area of heat-absorbing structures, and a decrease in the area of green
spaces. Urban green spaces are widely regarded as an effective environmental solution to mitigate the
urban heat island (UHI) effect, so maintaining green spaces in cities is crucial (Nastaran, 2014,
Morabito, 2018, Kupach, 2022) The analysis of long-term data from the MODIS Land Surface
Temperature collection indicates a gradual warming of the earth's surface for the areas analysed in this
study (Fig. 1). The objective of the study is to identify the vegetation types in the Kyiv areas of
Pronivshchyna and Sovska Balka that have the best ability to reduce the warming of the earth's surface
under UHI conditions.
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Figure 1 Scatter plot of temperature values for the period from 2014 to 2024 [based on data from
MODIS].

Method and Theory

The Terra Moderate Resolution Imaging Spectroradiometer (MODIS) Land Surface
Temperature/Emissivity Daily (MOD11A1) Version 6.1 product contains daily pixel-by-pixel data on
the Earth's surface temperature (LST) with a spatial resolution of 1 km in a grid of 1 200 by 1 200
kilometres, and therefore provides monitoring of daily LST. The analysis of the data collection on the
GEE platform allows us to establish a general trend in the temporal distribution of LST for the territories
of the Sovka River Valley (Wan, 2021). The analysis of the ability of green spaces to mitigate the impact
of urban heat islands was carried out using ESA WorldCover 10 m 2020 v100 and Land Cover 100 m
data: Version 3 Globe 2015-2019 (Buchhorn, 2020, Zanaga, 2021). These datasets allow us to determine
the type of land cover and obtain information on the type of vegetation of the territories. The land cover
structure and vegetation types of the Sovka river valley were obtained, as shown in Figure 2. Land use
types were taken from OpenStreetMap vector datasets (OpenStreetMap, 2021). Landsat 8-9 Collection
2 Level 2 data contain information about the Earth's surface obtained using OLI (9 spectral bands in
VIS, NIR, SWIR) and TIRS (2 spectral bands in LWIR) instruments. Landsat 8-9 data have sufficient
resolution (NIR, SWIR 15-30 m / TIRS 100 m) (Earth Resources Observation and Science (EROS)
Center, 2020). Thermal infrared remote sensing is most often used to study and assess LST, as well as
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UHI effects. Remote sensing data provide continuous recording of values and characteristics of the
earth's surface in space, which is important for analysing the spatial distribution of temperature.
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Figure 2 Urban spaces of the Sovka river valley [based on Buchhorn, M., 2020, Zanaga, D., 2021,
OpenStreetMap].

LST for the territory of Kyiv was calculated using QGIS Raster Calculator. An algorithm for additional
cloud masking was applied to the collection data. To quantify the state of health/density of vegetation,
the vegetation index NDVI was calculated based on spectral correlations. Healthy vegetation has a
characteristic spectral reflectance curve, which is used to calculate the difference between the visible
red and near-infrared wavelengths. Visualisation in the visible and infrared spectral range, as well as the
comparison of the index to each other, allows to identify and analyse the presence and condition of
vegetation cover, to separate vegetation from other objects that create the land cover. The NDVI index
is visualised on a standardised continuous discrete scale with values ranging from -1 to +1.

Results

In general, since 2000, the territory of Pronivshchyna and Sovska Balka has been marked by intensive
processes of growth of surfaces with artificial surfaces and a decrease in areas with greenery. The growth
of built-up areas and the disruption of natural aeration, with various artificial surfaces, and the
emergence of areas with open ground, increases the manifestations of UHI due to intensive heating of
the ground surface. Comparison of LST data and NDVI data (Fig. 3) shows a direct correlation between
the state of vegetation and the temperature regime of the earth's surface. Areas with continuous artificial
cover (buildings, roads, etc.) are characterised by an excessive increase in surface temperature to
abnormally high values (over 50 °C), while areas covered with tree plantations and areas with sufficient
soil nutrition are characterised by a decrease in surface temperature by 10-20 °C.
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Figure 3 Quantitative assessment of the land surface temperature and vegetation condition in the study
area [made by the authors on the basis of data from oanux Earth Resources Observation and Science
(EROS) Center, 2020].

Finding the temperature amplitude values obtained from LST for different types of vegetation
(LandCover) allows us to obtain information on how effective different green spaces can be in cooling
the earth's surface in the conditions of heatwave effects in summer (Fig. 3).
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Figure 4 Ability to reduce the heat island effect of different vegetation types [compiled by the authors].
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Conclusions

LST formation is the result of interaction between different types of land cover and the atmosphere.
Studying the nature of the LST and its changes allows us to assess the environmental friendliness and
favourability of the urban environment. Uncontrolled rapid urban sprawl potentially changes the
thermodynamic and radiation activity of the earth's surface, thereby exacerbating the impact of climate
change and heat waves. The rapid growth of artificial surfaces (buildings, roads and industries) leads to
an increased increase in LST. The study shows that areas with mixed forest vegetation and dense lawn
plantations (sufficient moisture conditions) are best able to cope with UHI. The effectiveness of cooling
the land surface is influenced by the nature of the vegetation cover and the vital state of plants, in
particular, sparse, fragmented and dry vegetation is not effective in reducing abnormal temperature
manifestations.

References

Buchhorn, M., Lesiv, M., Tsendbazar, N.-E., Herold, M., Bertels, L., Smets, B. (2020). Copernicus
Global Land Cover  Layers—Collection 2. Remote  Sensing 12(6), 1044,
https://doi.org/10.3390/rs12061044

Earth Resources Observation and Science (EROS) Center. (2020). Landsat 8-9 Operational Land
Imager / Thermal Infrared Sensor Level-2, Collection 2 [dataset]. U.S. Geological
Survey. https://doi.org/10.5066/P9OGBGM6

Kupach T., Demianenko S. (2022) Application of GIS methods and LANDSAT satellite data in studies
of recreational urban space of Kyiv. European. Association of Geoscientists & Engineers. 16th
International Conference Monitoring of Geological Processes and Ecological Condition of the
Environment. Volume 2022, p.1 - 5. https://doi.org/10.3997/2214-4609.2022580025

Morabito M., Crisci A., Georgiadis T., Orlandini S., Munafo M., Congedo L., Rota P., Zazzi M. (2018)
Urban imperviousness effects on summer surface temperatures nearby residential buildings in
different urban zones of Parma. Remote Sens. 10, 26. https://doi.org/10.3390/rs10010026

NOAA National Centers for Environmental Information, Monthly Global Climate Report for Annual
2024, published online January 2025, retrieved on January 25,
2025. https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202413

OpenStreetMap. [Data set].https://www.openstreetmap.org/

Shishegar, Nastaran. (2014). The Impacts of Green Areas on Mitigating Urban Heat Island Effect. The
International Journal of Environmental Sustainability. 9. 119-130. https://doi.org/10.18848/2325-
1077/CGP/v09i01/55081

Wan, Z., Hook, S., Hulley, G. (2021). MODIS/Terra Land Surface Temperature/Emissivity Daily L3
Global lkm SIN Grid V061 [Data set]. NASA EOSDIS Land Processes Distributed Active
Archive Center. https://doi.org/10.5067/ MODIS/MOD11A1.061

Zanaga, D., Van De Kerchove, R., De Keersmaecker, W., Souverijns, N., Brockmann, C., Quast, R.,
Wevers, J., Grosu, A., Paccini, A., Vergnaud, S., Cartus, O., Santoro, M., Fritz, S., Georgieva, 1.,
Lesiv, M., Carter, S., Herold, M., Li, Linlin, Tsendbazar, N.E., Ramoino, F., Arino, O. (2021).
ESA WorldCover 10 m 2020 v100. https://doi.org/10.5281/zen0do.5571936

XVIII International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”

14-17 April 2025, Kyiv, Ukraine



https://doi.org/10.3390/rs12061044
https://doi.org/10.5066/P9OGBGM6
https://www.earthdoc.org/content/proceedings/monitoring'2022
https://www.earthdoc.org/content/proceedings/monitoring'2022
https://www.earthdoc.org/content/proceedings/monitoring'2022
https://doi.org/10.3997/2214-4609.2022580025
https://www.ncei.noaa.gov/access/monitoring/monthly-report/global/202413
https://doi.org/10.18848/2325-1077/CGP/v09i01/55081
https://doi.org/10.18848/2325-1077/CGP/v09i01/55081
https://doi.org/10.5281/zenodo.5571936


<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Error

  /CompatibilityLevel 1.4

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /DoThumbnails false

  /EmbedAllFonts true

  /EmbedOpenType false

  /ParseICCProfilesInComments true

  /EmbedJobOptions true

  /DSCReportingLevel 0

  /EmitDSCWarnings false

  /EndPage -1

  /ImageMemory 1048576

  /LockDistillerParams false

  /MaxSubsetPct 100

  /Optimize true

  /OPM 1

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness true

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages true

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages true

  /ColorImageDownsampleType /Bicubic

  /ColorImageResolution 300

  /ColorImageDepth -1

  /ColorImageMinDownsampleDepth 1

  /ColorImageDownsampleThreshold 1.50000

  /EncodeColorImages true

  /ColorImageFilter /DCTEncode

  /AutoFilterColorImages true

  /ColorImageAutoFilterStrategy /JPEG

  /ColorACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /ColorImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000ColorACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000ColorImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasGrayImages false

  /CropGrayImages true

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages true

  /GrayImageDownsampleType /Bicubic

  /GrayImageResolution 300

  /GrayImageDepth -1

  /GrayImageMinDownsampleDepth 2

  /GrayImageDownsampleThreshold 1.50000

  /EncodeGrayImages true

  /GrayImageFilter /DCTEncode

  /AutoFilterGrayImages true

  /GrayImageAutoFilterStrategy /JPEG

  /GrayACSImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /GrayImageDict <<

    /QFactor 0.15

    /HSamples [1 1 1 1] /VSamples [1 1 1 1]

  >>

  /JPEG2000GrayACSImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /JPEG2000GrayImageDict <<

    /TileWidth 256

    /TileHeight 256

    /Quality 30

  >>

  /AntiAliasMonoImages false

  /CropMonoImages true

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages true

  /MonoImageDownsampleType /Bicubic

  /MonoImageResolution 1200

  /MonoImageDepth -1

  /MonoImageDownsampleThreshold 1.50000

  /EncodeMonoImages true

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageDict <<

    /K -1

  >>

  /AllowPSXObjects false

  /CheckCompliance [

    /None

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXTrimBoxToMediaBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXSetBleedBoxToMediaBox true

  /PDFXBleedBoxToTrimBoxOffset [

    0.00000

    0.00000

    0.00000

    0.00000

  ]

  /PDFXOutputIntentProfile ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)

    /NOR <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks false

      /AddColorBars false

      /AddCropMarks false

      /AddPageInfo false

      /AddRegMarks false

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName ()

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles false

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



